The aim of this study was to determine the relationship between clinical and blood characteristics of a vascular inflammatory milieu and coronary plaque composition visualized by near-infrared spectroscopy (NIRS) in percutaneous coronary intervention (PCI) patients.
Introduction
Acute coronary syndromes (ACSs) are a major cause of mortality and morbidity in Western countries. 1, 2 Rupture of vulnerable coronary plaques, often inflamed lipid-rich lesions with large necrotic cores with only a thin overlying fibrous layer of intimal tissue, are most likely to cause these ACSs. 3 -7 Several well-established and emerging cardiovascular risk factors have been related to the occurrence and progression of coronary atherosclerosis 8 -10 and the predisposition of patients to plaque rupture or acute coronary thrombosis. 11 An important risk factor for the development of coronary atherosclerosis is the lipid profile, 12 which accounts for 50% of the population attributable risk of first acute myocardial infarction (AMI). 13 A meta-analysis of 26 randomized trials showed that lowering low-density lipid (LDL) cholesterol is inversely associated with rates of both major coronary and vascular events. 14 Therefore, the lipid profile is widely accepted as a determinant for risk stratification 15 and primary target of therapy. 16 Another established risk factor for coronary atherosclerosis is hs-C-reactive protein. Subjects with elevated levels of hs-C-reactive protein are at increased risk of coronary heart disease. 17 Furthermore, as demonstrated by the Jupiter trial, rosuvastatin significantly reduced the incidence of major cardiovascular events in seemingly healthy persons without hyperlipidaemia but with elevated hs-C-reactive protein levels. 18 Near-infrared spectroscopy (NIRS), a novel catheter-based imaging modality that determines composition of tissue, has the potential to identify lipid core containing coronary plaques (LCP) in patients. The accuracy of NIRS has been validated in coronary autopsy specimens and subsequently in vivo. This intra-coronary system utilizes the variation in reflection of the emitted near-infrared light to detect LCP, which is visualized as a (block) chemogram and qualified by a lipid core burden index (LCBI) score. 19, 20 Detection of these LCPs in coronary arteries might potentially be used for enhanced risk stratification, prevention, and treatment of coronary events. We have reported on the relationship between NIRS, Framingham Risk Score, and renal function in patients who underwent successful percutaneous coronary intervention (PCI) or invasive diagnostic coronary exploration. 21, 22 The aim of the current study was to provide a thorough and broad analysis of the patient characteristics that are (potentially) associated with NIRS-derived LCBI, in particular blood lipids and hs-C-reactive protein. Logically, we do expect higher LCBI levels in patients with a clinical profile corresponding with increased CHD risk.
Methods

Study population
We studied 208 patients who underwent NIRS, between April 2009 and January 2011, in the Thoraxcenter, Erasmus MC, Rotterdam, the Netherlands, a tertiary referral hospital. Patients were 18 years of age or older, had stable angina pectoris (AP) or an ACS and underwent successful PCI or invasive diagnostic coronary exploration of one or more lesions in one or two native coronary arteries. Patients who underwent CABG were not included in this study. After the initial procedure (PCI or invasive diagnostic coronary exploration) patients underwent invasive imaging [NIRS and intravascular ultrasound (IVUS)] of one non-culprit vessel (i.e. the vessel of interest for this study), with a diameter stenosis ,50% throughout a target segment of at least 40 mm in length by angiographic visual estimation. These study vessels were accessible to the LipiScan (InfraReDx, Burlington, MA, USA) catheters and per protocol selected in the following way:
If left anterior descending coronary artery (LAD) vessel has been treated, right coronary artery (RCA) should be selected (if not possible: LCX). Iif RCA vessel has been treated, LAD should be selected (if not possible: LCX). If LCX has been treated, LAD or RCA should be selected.
In case patients underwent an invasive diagnostic procedure, the selection of the study vessel was left to the discretion of the interventional cardiologist.
The medical ethical committee of our hospital approved the study and a written informed consent was obtained of every patient.
Near-infrared spectroscopy
The NIRS system consists of a rapid exchange catheter, a pullback and rotation device, and a console. The catheter is 3.2 F in diameter and 165 cm in usable length. The catheter is intended to be introduced into the vasculature via a 0.014-inch coronary guidewire, which is allowed to exit 25 mm proximal to the distal tip. Two low-profile polymer markers are placed on the stiff proximal shaft to aid the user in locating the exit of the distal tip through the tip of a guiding catheter.
All the study coronary vessels included were accessible to the Lipiscan (InfraReDx, Burlington, MA, USA) catheters and had a ,50% reduction in lumen diameter by angiographic visual estimation throughout a target segment of at least 40 mm in length. Coronary vessels that received a bypass graft with a minimal lumen diameter ,2 mm or with a diameter stenosis .50% by angiographic visual estimation in the segments to be analysed were excluded. There were no complications related to the imaging procedure. A motorized catheter pullback, at 0.5 mm/s and 240 rpm, was performed starting distal to a side branch and acquiring 1000 NIRS measurements/12.5 mm of the scanned coronary artery. The region of interest was defined as the longest coronary segment, between two clearly identifiable landmarks (i.e. side branches).
The measured probability of the LCP from each scanned coronary segment was displayed as a map, the chemogram; yellow regions represent those with highest probability for the presence of the LCP, while red regions represent those with lowest probability. The chemogram displays the pullback position against the circumferential position of the measurement in degrees (Figure 1) .
Based on the chemogram, the LCBI was calculated, representing the fraction of valid pixels in the chemogram that are yellow, multiplied by a factor of 1000. The LCBI is a summary measure of the amount of LCP along the entire interrogated length of the vessel on a 0-to-1000 scale.
NIRS images were prospectively analysed offline by an independent core laboratory (Cardialysis BV, Rotterdam, the Netherlands) unaware of the clinical or lab data.
Intravascular ultra sound
Intravascular ultra sound was acquired with Volcano TM s5/s5i Imaging System using Volcano TM Eagle Eye TM Gold IVUS catheter (20 MHz) at a standard pull back speed of 0.5 mm/s with an automatic pullback system. During motorized catheter pullback, at 0.5 mm/s, greyscale IVUS and raw radiofrequency data capture gated to the R-wave were recorded.
All baseline IVUS images were prospectively analysed offline by an independent core laboratory (Cardialysis BV, Rotterdam, the Netherlands). The IVUS analyses were performed with the VIAS software (Volcano Corporation). Contour detection was performed by experienced IVUS analysts who were blinded to the NIRS results. Quantitative greyscale IVUS measurements included vessel area, lumen area, plaque area (vessel area 2 lumen area), and plaque burden [(plaque area/vessel area) * 100%].
Data analysis
We present patient-level analyses. NIRS and IVUS-VH data are derived from measurements in the non-culprit (study) vessel and are presented as one quantity for each patient.
Continuous variables are presented as means + standard deviation or median and inter-quartile ranges (IQRs) as appropriate, categorical variables are expressed as numbers and percentages. The KolmogorovSmirnov test was used to analyse whether continuous data were normally distributed. Non-parametric continuous variables were compared using the Mann-Whitney U test, and are presented as median and IQR. If further statistical tests required normal distribution of the data, then log or square root transformations were applied.
We intended to obtain complete information in all patients, but failed to do for the following seven variables: hs-C-reactive protein, highdensity lipoprotein (HDL), LDL, creatinine, total cholesterol, triglycerides, and BMI. Using missing value analysis, we evaluated the extent of missing data and searched for patterns of missing data. Missing value analysis showed that there were 3.3% missing values on average. For the patients with at least one of the variables of interest missing, we decided to impute the missing values by multiple imputation. 23 (We also applied a complete case sensitivity analysis, showing consistent results, which we will not present.)
The baseline creatinine values were used to calculate the creatinine clearance according to the Cockroft and Gault formula: creatinine clearance (millilitres/minute) ¼ (140 -age) × weight (kilograms)/72 × serum creatinine (milligrams/decilitre) (x0.85 for women). 24 Correlation plots were constructed, and univariate and multivariate linear regression (LR) analyses were applied to reveal clinical characteristics that were related to LCBI. The lipid core burden index was considered the dependent variable, and all variables of interest ( Table 1) were considered potential determinants. All baseline variables described in Table 1 entered the multivariate stage. All variables that had a P-value ,0.5 in univariate analysis, based on Wald's x 2 test, were used to construct the multivariate model. The R 2 statistic is presented, which indicates the percentage of the variance in the dependent variable that can be 'explained' by the determinant. Subsequently, we studied the correlation between NIRS-derived LCBI and IVUS-derived plaque burden. We present correlation plots and report Pearson's correlation coefficient. This analysis has caveats, which are mainly due to the fact that we used different cathethers for the IVUS-VH and NIR measurements. The described correlation was based on segment-level data, whereas, for technical and logistic reasons, the analysed segments for IVUS-VH and NIR were not synchronized at the level of frames. Furthermore, the length of the analysed segments was not necessarily the same for both techniques.
Univariate and multivariate LR analyses were applied to study the association between NIRS-derived LCBI and clinical risk factors (independent variables) and IVUS-derived plaque burden (dependent variable). The data of 12 patients could not be used, because of problems with the IVUS analysis software.
Finally, we studied the relation between blood lipid levels, hs-C-reactive protein and LCBI according to the quartiles of their distribution.
For all tests, a two-sided P-value of 0.05 or less was considered significant. All statistical analyses were performed using SPSS 17.0 for Windows (SPSS, Inc., Chicago, IL, USA).
Results
Study population and baseline characteristics
The baseline and procedural characteristics of the included patients are presented in Table 1 . The studied population consisted mostly of men (79.6%) and the mean age was 63.5 years. Most patients were treated for stable AP (52.9%) or non-ST-segment elevation acute coronary syndrome (NSTE-ACS) (32.7%). Prior MI (38.0%) and prior PCI (38.9%) in the cardiac history were common. The prevalence of hypercholesterolaemia, positive family history for CHD, multi-vessel disease, and/or hypertension was .50%. Almost 20% of the patients were diabetic; the non-insulin dependent type was most common. The distribution of the studied coronary vessels (RCA 28.8%, LAD 36.1%, and LCX 35. and the quartiles of the distributions of % plaque burden and LCBI, P , 0.001. Except for a history of PAD and/or CVA/TIA none of the baseline characteristics was significantly associated with the IVUS-derived plaque burden in univariate analysis. This variable remained significantly associated with the IVUS-derived plaque burden after adjustment for the selected (P , 0.5) confounders (age, sex, indication, hypertension, multi vessel disease, aspirin, clopidogrel, betablockers, statins, and total cholesterol). Altogether 14.0% of the variability in the IVUS-derived plaque burden could be explained by the variables that compose the model. 
Association blood biomarkers and lipid core burden index
Correlation plots ( Figure 3 ) and regression analyses showed no (significant) correlation between blood biomarkers and LCBI. The R 2 for blood lipid levels and hs-C-reactive protein rated between 0.000 and 0.035 ( Table 2 ), indicating that these variables only explain little of the variability in LCBI between the enrolled patients. Figure 4 shows the LCBI according to quartiles of blood lipid levels and hs-C-reactive protein. A weak, but non-significant relationship is visible between hs-C-reactive protein and LCBI: 40% of the patients in the lowest quartile (Q1) of hs-C-reactive protein had an LCBI in Q1, whereas 12% of the patients in the highest quartile (Q4) of hs-C-reactive protein had an LCBI in the first quartile. No relationships were visible between other blood biomarkers and LCBI.
Discussion
In this single-centre cross-sectional study clinical characteristics and blood biomarkers explained 23.2% of the variability in the NIRSderived LCBI score, an indicator for LCP in coronary arteries. As increased levels of lipids and hs-C-reactive protein increase the likelihood of LCPs in the coronary vessel, relationships between these blood biomarkers and LCBI were expected. However, lipid profile and hs-C-reactive protein provided little additional information about the LCBI score in a non-intervened coronary artery segment: a maximum of 3.5% of the variability in LCBI could be explained by these biomarkers. The clinical characteristics hypercholesterolaemia, male sex, use of beta-blockers, and history of peripheral artery disease PAD, and/or cerebral vascular accident/transient ischaemic attack (CVA/TIA) were all significantly associated with LCBI, reflecting patients with a high cardiovascular risk profile. Our finding of an association between a history of hypercholesterolaemia and LCP in the coronary vessels is in accordance with previous studies that found an association between (treated) hypercholesterolaemia and IVUS-derived necrotic core-rich coronary plaques. 25, 26 Simsek et al. found no 'dose-dependent' effect of creatinine (as a measure of renal function) on the NIRS-derived LCBI score in a previous report of this study.
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The relationship between gender and LCBI supported other investigations that demonstrated that men have more severe structural Figure 3 Scatter plots of lipid levels and hs-C-reactive protein in relationship with lipid core burden index.
Determinants of high cardiovascular risk and functional atherosclerotic disease in epicardial coronary arteries than women. 27 In fact, the pathophysiology of cardiovascular disease (in particular coronary artery disease) differs significantly between men and women. 28 -30 Several study reports suggest that signs and symptoms of CVD experienced by women are related to microvascular ischaemia and endothelial dysfunction, more so than in men. Symptomatic women usually have less flow limiting stenoses than men, and are more prone to have plaque erosion with subsequent thrombus formation. 31 Myocardial ischaemia in the absence of obstructive coronary disease, but with an increased high risk of adverse outcomes, is an emerging paradigm for women. More research in this field is warranted. None of the blood biomarkers was independently predictive of LCP in the coronary vessels. This lack of association might have various reasons. First, we might have studied the wrong biomarkers. However, both blood lipid levels and hs-C-reactive protein are wellestablished risk factors/markers for the development/identification of coronary atherosclerosis. A reason for this lack in association between blood biomarkers and LCBI might be that the vast majority of the patients (89%) were already treated with statins at the time of the procedure. We found relatively low level of cholesterol, LDL, and triglycerides in our study population. As shown previously there is a linear relationship between LDL cholesterol and annual changes in the plaque size; however, in patients with low LDL values, no plaque progression was found. 32 Apparently, LDL levels influence plaque growth and probably consequently also plaque size. So, since patients treated with statins have lower levels of LDL, they might have as a result relatively small plaques. Furthermore, statins influence coronary plaques via other mechanisms as in patients without hyperlipidaemia the incidence of major cardiovascular events is also reduced by statin use. 18 Consequently, the use of blood biomarkers in statin users as determinant for LCP may be confounded. In accordance, Nicholls et al. found no relationship between LDL cholesterol and hs-C-reactive protein and IVUS-derived disease burden. It should be noted that all the patients in this study were treated with statins. 33 Another explanation for the lack of association might be that we visualized 40 mm of a non-culprit vessel, in patients undergoing PCI or invasive diagnostic coronary exploration for various indications, Figure 4 Quartiles of the distribution of lipid core burden index in relation to the quartiles of blood lipid levels and hs-C-reactive protein.
and therefore cannot exclude the possibility that the blood biomarkers are related to the culprit lesion. However ex vivo as well as in vivo studies using IVUS in patients with myocardial infarction have demonstrated the presence of vulnerable plaques in other than the culprit lesion or even culprit artery. 34 Also atherosclerosis in the peripheral vascular system or clinical circumstances can influence blood biomarker levels. When patients were stratified on indication for an invasive coronary procedure (stable angina, NSTE-ACS, or STEMI) no difference in LCBI was observed. This is in contrast with Madder et al. who revealed that both target and remote LCPs were more common in patients with ACS than in those with stable angina. 35 The expression of atherosclerosis is depended on the interaction of multiple risk factors, including genetic susceptibility, abnormal lipid levels, and inflammation. Although we found no association between blood biomarkers and NIRS-derived LCBI, there is data to support the hypothesis that blood lipid levels and hs-C-reactive protein are independently associated with (the promotion of) plaque vulnerability. 11, 17 Historical predictors, like blood lipid levels, are frequently used as determinants of cardiovascular risk. If we had demonstrated a strong correlation between these factors and LCP, then NIRS would not provide additional information about a patients' cardiovascular risk. Consequently, as NIRS has the potential of identifying LCP in coronary arteries, indicative of plaque vulnerability, this novel imaging technique might be a promising tool to provide additional information about patients' cardiovascular risk, independent of blood lipid levels. It should be noted; however that NIRS has not yet proved to be a predictor of cardiovascular events at long-term follow-up. Nevertheless, since NIRS is able to indentify extensive LCPs that are associated with a high risk of peri-procedural MI, 36 it is a promising tool that needs further exploration. This study has some limitations. First, as only one non-culprit vessel was imaged, we lack information on the culprit artery, which may flaw our efforts to assess a relationship between LCBI and blood biomarkers. For the same reason, we were unable to assess the correlation of clinical presentation with LCBI findings as reasons for intervention are closely related to the culprit lesions. Secondly, this study might lack power to show strong correlations. Thirdly, this is a crosssectional study; therefore, no information is available on the (reversed) progression of LCPs and its relationship with lipid levels in this population over time. Future research might focus on the effect of lipid level changes on LCP. Finally, although we had unique information on NIRS-derived and IVUS-derived parameters in the same segment, the observed results should be interpreted with caution, because the analysed segments were not synchronized at the level of frames.
The single-centre design of this study guarantees limited variability in the NIRS and blood collection procedures (consistent environment and care protocols) and the use of an independent core laboratory to analyse the NIRS images, assures an independent and accurate analysis according to uniform standards.
Concluding, clinical characteristics reflecting patients with a high cardiovascular risk profile explained 23.2% of the variability in LCBI, whereas blood biomarkers added little. Further research is needed whether NIRS has the potential to provide additional information about patients' cardiovascular risk.
